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Abstract
Background Both randomized controlled trials (RCTs) and real-world evidence (RWE) studies provide results regarding 
the efficacy and toxicity of checkpoint inhibitors in cancer patients. The results from these two sources are considered com-
plementary but whether they are comparable remains unknown.
Objective The aim of this study was to compare the efficacy and toxicity of checkpoint inhibitors between RCTs and RWE 
studies in patients with advanced non-small cell lung cancer (NSCLC) or melanoma.
Patients and Methods Two electronic databases were searched to identify eligible studies, either RCTs or RWE studies, 
investigating the efficacy or toxicity of checkpoint inhibitors given for indications that were approved by the European Medi-
cines Agency (EMA) at the date of the last search. A meta-analysis was performed and the pooled estimates of objective 
response rates (ORR), progression-free survival (PFS), overall survival (OS), and toxicity and treatment discontinuation 
between RCTs and RWE studies were compared.
Results In total, 43 RWE studies and 15 RCTs were eligible, with adequate data for pooled estimates for immunotherapy 
indications regarding NSCLC and melanoma. No statistically significant or clinically meaningful differences in terms of 
pooled PFS, OS, or rates of treatment discontinuation due to toxicity between RCTs and RWE studies were observed. In 
some indications, a higher rate of response rates and lower rate of toxicity in favor of RWE was observed.
Conclusion In patients with melanoma or NSCLC, the clinical value of checkpoint inhibitors is evident in both RCTs and 
real-world settings. Some differences in response or toxicity rates in favor of RWE mainly reflects the inherent difficulties 
in evaluating these outcomes in RWE studies.

Key Points 

By comparing the efficacy and toxicity of checkpoint 
inhibitors between randomized controlled trials (RCTs) 
and real-world evidence (RWE) studies, we found no 
statistically significant or clinically relevant differences 
in terms of progression-free survival or overall survival 
within the same indication.

In some indications, a higher rate of response rates and 
lower rate of toxicity in favor of RWE was observed 
that mainly reflects the inherent difficulties in evaluating 
these outcomes in RWE studies.
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1 Introduction

Since 2010 and the first randomized evidence on improved 
overall survival (OS) in melanoma patients treated with 
ipilimumab [1], immunotherapy with checkpoint inhibi-
tors has revolutionized cancer treatment. In fact, the num-
ber of indications for checkpoint inhibitors has increased 
substantially over the years [2] along with the estimated 
percentage of cancer patients eligible for checkpoint inhib-
itors in various cancer types and treatment settings [3].

Interestingly, the efficacy of checkpoint inhibitors var-
ied among different cancer types, from substantial survival 
benefit in patients with advanced melanoma treated with 
combined nivolumab/ipilimumab [4], to modest and clini-
cally questionable survival benefit as second-line therapy 
in recurrent squamous cell carcinoma of the head and 
neck [5] or in advanced urothelial carcinoma [6]. Vary-
ing efficacy along with toxicity risk and economic burden 
raises concerns on the implementation of immunotherapy 
in clinical practice.

The implementation and economic assessment of 
immunotherapy in clinical practice is based on evidence 
from randomized controlled trials (RCTs). In these trials, 
strict inclusion and exclusion criteria are adopted to define 
the patient population. Although RCTs are the gold-stand-
ard practice to evaluate the efficacy and toxicity of new 
treatment strategies, the generalizability of their results in 
a real-world setting can be questioned since nearly two-
thirds of patients in clinical settings would not be eligible 
for randomized trials [7–9].

One could argue that this potential discrepancy between 
randomized and real-world evidence (RWE) is more likely 
to be a source of concern in indications where the ben-
efit of a new treatment strategy according to randomized 
evidence is modest. Furthermore, health economic analy-
ses using assumptions only from randomized evidence 
might also be prone to misleading results regarding the 
cost effectiveness of a new therapeutic agent in real-world 
settings if the discrepancy between randomized evidence 
used in assumptions and RWE is considerable [10].

The aim of the present systematic review and meta-anal-
ysis was to assess and compare the efficacy and toxicity of 
checkpoint inhibitors between randomized controlled trials 
(RCTs) and RWE studies in all current treatment indica-
tions for checkpoint inhibitors according to the European 
Medicines Agency (EMA).

2  Methods

2.1  Search Strategy

The present systematic review and meta-analysis was per-
formed in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines. The study protocol was prospectively pub-
lished to the PROSPERO database (CRD42020180883).

Two separate search strategies were used to identify 
RCTs and RWE studies. For RCTs, two investigators (ED, 
AJT) searched the PubMed and ISI Web of Science data-
bases independently using different algorithms includ-
ing the following keywords: immunotherapy, checkpoint 
inhibitor, PD-1 inhibitor, PD-L1 inhibitor, RCT, rand-
omized, randomized controlled trial, random*, cancer, and 
malignancy. For RWE studies, two investigators (ED, AJT) 
searched the PubMed and ISI Web of Science databases 
using different algorithms including the following key-
words: immunotherapy, checkpoint inhibitor, PD-1 inhibi-
tor, PD-L1 inhibitor, real-world evidence, real-world, real-
world setting, real-world data, real-life, RWD, and RWE.

No year restriction was set but only studies published 
in English were considered eligible. The last search was 
performed in May 2020.

To complement the search strategy, reference lists from 
selected systematic reviews on this topic, as well as refer-
ence lists from eligible studies, were scrutinized for poten-
tially eligible studies.

2.2  Study Selection Process

Inclusion criteria were used to screen the studies based on 
their title and abstract. Full-text articles were evaluated for 
eligibility using the following inclusion and exclusion cri-
teria. For RCTs, studies including patients with metastatic 
disease of a solid malignancy; treated with a checkpoint 
inhibitor as a sole therapy or in combination with another 
checkpoint inhibitor in at least one arm; the checkpoint 
inhibitor is approved by the EMA (at the time of search-
ing) for clinical use; and available data for at least one of 
the efficacy outcomes. For RWE studies, studies including 
patients with metastatic disease of solid malignancy; in 
cases of multiple tumors, a separate analysis for each tumor 
type should be available; treated with checkpoint inhibitors 
as a sole therapy or in combination with another checkpoint 
inhibitor; the checkpoint inhibitor is approved by the EMA 
(at the time of searching) for clinical use; and available data 
for at least one of the efficacy outcomes of interest.

We excluded studies that investigated the efficacy of 
checkpoint inhibitors outside of current EMA indications, 
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studies that investigated hematologic malignancies, and 
studies with only toxicity data and no efficacy data.

In case of discrepancies between the two investigators, 
a third investigator (AV) was consulted and consensus 
was reached among the three investigators regarding study 
eligibility.

2.3  Data Collection Strategy

Data were extracted independently by two investigators (ED, 
AJT), while a third investigator (AV) resolved any discrep-
ancies. From each eligible trial, the following data were 
extracted: first author, year of publication, journal; inclusion 
period, number of patients, type of cancer, type of check-
point inhibitor used, line of treatment; median follow-up, 
efficacy outcomes for patients treated with checkpoint inhib-
itors (objective response rate [ORR], median progression-
free survival [PFS], median OS, rate of grade 3/4 toxicities 
due to checkpoint inhibitors [grading as per study defini-
tion], and rate of discontinuation of checkpoint inhibitors). 
The median PFS or OS was extracted from Kaplan–Meier 
curves if it was not stated in the manuscript.

2.4  Outcomes and Definitions

Three efficacy outcomes (ORR, PFS, OS) and two safety 
outcomes (rate of grade 3 or 4 toxicity, rate of discontinua-
tion) were analyzed in the present meta-analysis.

ORR was defined as the rate of complete response or 
partial response according to the Response Evaluation Cri-
teria in Solid Tumors (RECIST) 1.1 criteria for RCTs. In 
RWE studies, all definitions that were used for ORR were 
accepted. PFS was defined as the time from initiation of 
checkpoint inhibitors until disease progression or death due 
to any cause, while OS was defined as the time from initia-
tion of checkpoint inhibitors until death due to any cause.

Rate of grade 3 or 4 toxicity (RG 3–4 Tox) was defined 
as any treatment-related toxicity observed during treatment 
with checkpoint inhibitors and reported as grade 3 or 4 
according to the Common Terminology Criteria for Adverse 
Events (CTCAE) criteria (irrespective of the version used in 
each study). Rate of discontinuation to checkpoint inhibitors 
(RODI) was defined as the number of patients who did not 
complete their planned treatment with checkpoint inhibitors 
due to toxicity.

2.5  Data Synthesis

Statistical analysis was performed in R (version 4.1.0) using 
R studio (version 1.4.1717) [R code to fully reproduce the 
analysis is included as electronic supplementary material 
(ESM)]. We prespecified select combinations of outcome 
type, study type, cancer type, treatment type and treatment 

line, hereafter referred to as subsets (Table 1). We used mul-
tilevel meta-analytic models to compute pooled metrics and 
95% confidence intervals (CIs) for each subset containing at 
least three estimates from primary studies.

2.5.1  Median Survival Outcomes

OS and PFS were analyzed using a linear mixed-effects 
model assuming a Gaussian error distribution, with weight-
ing using the inverse variance method. The response variable 
was the logarithm of the median survival time. We estimated 
standard errors from the CIs provided in primary studies. 
Where both upper- and lower-bound estimates were avail-
able, we used the full width of the CI to estimate the stand-
ard error of the log median survival (Eq. 1):

where �̂�U and �̂�L denote the upper- and lower-bound esti-
mates of the median survival. If both the upper- and 

(1)�selog =
log

{

�̂�U

}

− log
{

�̂�L

}

2 × 1.96

Table 1  Pooled rates of grade 3–4 immune-related toxicity and dis-
continuation in RCTs and RWE studies in different clinical indica-
tions of immunotherapy in oncology

NCSLC non-small cell lung cancer, NC not calculated, RCTs rand-
omized controlled trials, RWE real-world evidence, CI confidence 
interval

Indications Pooled rates 95% CI

Grade 3–4 immune-related toxicity
 First-line NSCLC
  RCT 19.2 14.3–25.2
  RWE NC NC

 Second-line NSCLC
  RCT 12.2 9.4–15.7
  RWE 8.1 6.9–9.5

 Second-line melanoma
  RCT 19.6 15.8–24.0
  RWE 10.2 7.1–14.3

 Ipilimumab in melanoma
  RCT 20.5 16.8–25.0
  RWE NC NC

Discontinuation of immunotherapy due to toxicity
 2nd-line NSCLC
  RCT 6.7 4.9–9.2
  RWE 9.5 7.8–11.4

 Second-line melanoma
  RCT 7.1 5.3–9.5
  RWE NC NC

 Ipilimumab in melanoma
  RCT 12.3 9.4–15.7
  RWE NC NC
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lower-bound estimates were unavailable, we used the half 
width of the CI between the lower-bound and point estimate 
(Eq. 2):

where �̂� denotes the point estimate of the median survival.
Parameters were estimated using restricted maximum 

likelihood (REML). The subset was modelled as a fixed 
effect using a series of dummy-coded binary variables. We 
included study- and observation-level random effects as well 
as a random slope for the subset. The selected model used a 
block diagonal variance-covariance matrix that was shown 
to improve model fit compared with an identity variance-
covariance matrix (comparison of the two nested models 
fitted using maximum likelihood estimation: likelihood 
ratio test: Chi-square = 33.42, p = 0.003). Pooled metrics 
(i.e. the mean of the median survival) ± 95% CIs were back-
transformed for presentation. Prespecified contrasts were 
conducted on the logarithmic scale, with CIs adjusted for 
simultaneous inference.

2.5.2  Proportion Outcomes

ORR, RG 3–4 Tox, and RODI were analyzed using a gener-
alized linear mixed-effects model assuming a binomial error 
distribution with a logit link function. Parameters were esti-
mated using maximum likelihood. The response variable 
was the number of cases, while the binomial denominator 
was the sample size for each observation. As above, subset 
was modelled as a fixed effect using a series of dummy-
coded binary variables. We included study- and observa-
tion-level random effects (the latter was shown to improve 
performance for a number of diagnostic checks on residuals 
simulated from the model). Pooled metrics (i.e. the mean 
logit proportions) ± 95% CIs were back-transformed for 
presentation.

3  Results

3.1  Literature Search

A total of 9551 studies were initially identified through 
searching algorithms. Through exclusion by reading the 
title and/or abstract, 194 RWE studies and 35 RCTs were 
considered as potentially eligible and retrieved as full 
text. After reading the full text, 64 RWE studies and 20 
RCTs fulfilled the inclusion criteria. From all the studies 
that fulfilled the inclusion criteria, 43 RWE studies and 
15 RCTs were included in the meta-analysis. A flowchart 
of the study selection process is presented in Fig. 1. The 

(2)�selog =
log

{

�̂�
}

− log
{

�̂�L

}

1.96

study characteristics for eligible studies included in the 
meta-analysis are shown in ESM Table 1.

The indications of checkpoint inhibitors with adequate 
data from pooled analyses in both RWE studies and RCTs 
were in advanced melanoma and non-small cell lung can-
cer (NSCLC) either as first or second or later line.

3.2  Objective Response Rates in Randomized 
Controlled Trials (RCTs) and Real‑World 
Evidence (RWE) Studies

A diagram of all eligible studies that presented data on 
ORR based on indication and source of evidence is pre-
sented in ESM Fig. 1. Pooled analyses of ORR in both 
RCTs and RWE studies was possible for three indications, 
namely programmed death-1/programmed death-ligand 1 
(PD-1/PD-L1) as first line in NSCLC, PD-1/PD-L1 as sec-
ond or later line in NSCLC, and PD-1/PD-L1 as second or 
later line in melanoma.

As first line in NSCLC, the pooled ORR was 40.5% 
(95% CI 32.2–49.3) in RCTs and 48.7% (95% CI 
39.5–58.0) in RWE studies. In patients treated with PD-1/
PD-L1 as second or later line in NSCLC, the pooled ORR 
in RCTs and RWE studies was 31.8% (95% CI 26.6–37.5) 
and 34.9% (95% CI 26.6–44.3), respectively. In melanoma 
patients treated with PD-1/PD-L1 as second or later line, 
the pooled ORR was 16.3% (95% CI 12.8–20.5) in RCTs 
and 23.1% (95% CI 20.6–25.9) in melanoma patients. 
The latter difference in pooled ORR between RCTs and 
RWE studies was statistically significant in favor of RWE 
studies.

3.3  Progression‑Free Survival in RCTs and RWE 
Studies

A diagram of all eligible studies that presented data on PFS 
based on indication and source of evidence is presented in 
ESM Fig. 2.

Figure 2 illustrates the pooled modified PFS (mPFS) 
between RCTs and RWE studies in different treatment strat-
egies and indications. Adequate data for comparisons were 
available for the same three indications as in ORR analysis.

Pooled mPFS was similar in RCTs and RWE studies 
including PD-1/PD-L1 as first line in NSCLC  (mPFSRCT  
7.96 [95% CI 6.67–9.52] vs.  mPFSRWE 7.79 [95% CI 
5.59–10.87]), PD-1/PD-L1 as second or later line in NSCLC 
 (mPFSRCT  3.00 [95% CI 2.27–3.98] vs.  mPFSRWE 3.93 [95% 
CI 3.14–4.92]), and PD-1/PD-L1 as second or later line in 
melanoma  (mPFSRCT  4.77 [95% CI 2.93–7.76] vs.  mPFSRWE 
3.93 [95% CI 2.05–7.53]). These contrasts were not statisti-
cally significant (p > 0.05) [ESM Fig. 3].



511Checkpoint Inhibitors in Randomized Trials and Real-World Evidence Studies

3.4  Overall Survival in RWE and RCTs

A diagram of eligible studies that presented data on OS is 
shown in ESM Fig. 4.

Adequate data for comparisons in terms of median OS 
(mOS) were retrieved for four indications that were the 
same as the pooled analyses for mPFS with the addition 
of ipilimumab in melanoma patients (Fig. 2).

Pooled mOS was similar in RCTs and RWE studies in 
the four indications with adequate data. PD-1/PD-L1 as 
first line in NSCLC  (mOSRCT  21.22 [95% CI 17.76–25.36] 
vs.  mOSRWE 18.52 [95% CI 12.98–21.02]), PD-1/PD-L1 
as second or later line in NSCLC  (mOSRCT  11.55 [95% CI 
10.02–13.31] vs.  mOSRWE 10.54 [95% CI 9.62–11.56]), 
PD-1/PD-L1 as second or later line in melanoma  (mOSRCT  
22.35 [95% CI 13.63–36.85] vs.  mOSRWE 17.33 [95% 
CI 6.14–28.91]), and ipilimumab in melanoma patients 
 (mOSRCT  13.93 [95% CI 10.36–18.74] vs.  mOSRWE 12.18 
[95% CI 6.52–22.75]). These contrasts were not statisti-
cally significant (p > 0.05) [ESM Fig. 3].

3.5  High‑Grade Immune‑Related Toxicity in RCTs 
and RWE Studies

A summary of the pooled rates for high-grade immune-related 
toxicities in RCTs and RWE studies in different clinical indica-
tions is presented in Table 1.

ESM Fig. 5 presents a list of eligible studies with informa-
tion about RG 3–4 Tox. A comparison between pooled rates in 
RCTs and RWE studies was only feasible in two indications, 
namely second line of PD-1/PD-L1 in NSCLC and second 
line of PD-1/PD-L1 in melanoma. In patients with NSCLC 
and melanoma, the contrasts of pooled toxicity rates showed 
a statistically significant difference between RCTs and RWE 
studies, with lower toxicity rates in RWE studies (ESM Fig. 6).

3.6  Rate of Treatment Discontinuation Due 
to Toxicity in RWE Studies and RCTs

ESM Fig. 7 presents a list of eligible studies with informa-
tion about RODI. Among these studies, adequate data for 

Fig. 1  Study selection process. EMA European Medicines Agency
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comparison between RCTs and RWE studies in terms of 
treatment discontinuation due to toxicity were found in only 
one indication (second-line PD-1/PD-L1 in NSCLC) where 
no statistically significant difference was observed (pooled 
 RODIRCT  6.7% [95% CI 4.9–9.2] vs. pooled  RODIRWE 9.5% 
[95% CI 7.8–11.4]) [Table 1 and ESM Fig. 6].

4  Discussion

In our meta-analysis, aimed at comparing the efficacy and 
toxicity of checkpoint inhibitors in different indications, as 
observed in RCTs compared with RWE studies, we did not 
find any statistically significant or clinically relevant differ-
ences in terms of PFS or OS within the same indication. In 
some indications, a higher rate of ORR and lower rate of tox-
icity in favor of RWE was observed that mainly reflects the 
inherent difficulties in evaluating these outcomes in RWE 
studies.

RWE studies have an established role as part of postmar-
ket effectiveness and safety monitoring of new therapies in 
a real-world setting. Recently, RWE seems to have gained 
a more central role as part of evidence to support regula-
tory decision making. In fact, the number of applications 

including RWE as supporting evidence to both the US FDA 
and the EMA has increased [11, 12]. At the same time, the 
number of approvals where RWE influenced regulatory deci-
sion making and was included in product labels has also 
increased [12, 13], highlighting the emerging role of RWE 
in the regulatory decision-making process. The potential 
role of RWE on cost-effectiveness analyses has also been 
highlighted as a valuable aspect that could impact health 
technology assessment decisions [9, 14].

Considering the emerging role of RWE in regulatory 
decision making, we sought to investigate whether there is 
a clinically relevant difference in the expected, according 
to RCTs, efficacy and toxicity of immunotherapy in cancer 
patients compared with evidence derived from studies in a 
real-world setting. Our hypothesis was that we would not 
observe any clinically meaningful difference in outcomes 
between the two sources of evidence in indications where 
immunotherapy has shown a substantial benefit, as in mel-
anoma, NSCLC, and renal cell carcinoma, whereas there 
might be a difference in indications with modest benefit, 
as in squamous cell carcinoma of the head and neck or in 
advanced urothelial carcinoma [15]. Given the lack of RWE 
in several indications, we were only able to test the first 
part of our hypothesis, namely whether there is a difference 

Fig. 2  Pooled median survivals (in months) and corresponding 95% 
confidence intervals for PFS and OS between RCTs and RWE studies 
for different immunotherapy indications. NSCLC non-small cell lung 
cancer, MM malignant melanoma, Ipi ipilimumab, Nivo nivolumab, 

PFS progression-free survival, OS overall survival, RCT  randomized 
controlled trial, RWE real-world evidence, PD1 programmed death-1, 
PDL1 programmed death-ligand 1
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in outcomes between RCTs and RWE studies in melanoma 
and NSCLC indications where immunotherapy has revolu-
tionized the treatment strategy. The results of the pooled 
analyses confirm our hypothesis and further strengthen the 
robustness of randomized evidence on the benefit of immu-
notherapy in these indications that can be directly imple-
mented into clinical practice, thus minimizing the efficacy-
effectiveness gap [16].

The observed higher rate of ORR in RWE studies com-
pared with RCTs in some indications can be explained by the 
well-documented problematic application of RECIST crite-
ria in a real-world setting compared with the objectivity that 
can be achieved on response outcomes by using RECIST in 
RCTs [17, 18]. Recently, a framework for evaluating tumor 
responses in a real-world setting has been developed and 
tested in patients with NSCLC, showing a high correlation 
with response rates from RCTs [18]. However, the RWE 
studies included in the current meta-analysis did not use 
similar frameworks to evaluate response rates, thus increas-
ing the risk for overestimation of response rates based on 
unstandardized medical records.

Among all immunotherapy indications where a com-
parison between RCTs and RWE studies was feasible, a 
somewhat lower toxicity rate in RWE studies was observed. 
Using RWE to describe toxicity to specific treatment strate-
gies has several advantages, as the possibility of capturing 
long-term or rare toxicities and to investigate tolerability in 
an unselected population that better reflects clinical practice 
than patient cohorts in RCTs does [19]. On the other hand, 
capturing toxicity through medical records is challenging, 
with risk for lower accuracy compared with the close moni-
toring and prospective collection within RCTs [19]. The 
latter challenge can be overcome with prospective collec-
tion of toxicity data in a real-world setting, but this was not 
the case in any of the eligible studies in the current meta-
analysis. Although the lower toxicity rates in RWE studies 
in our pooled analyses can be explained by the challenges in 
capturing toxicity events in medical records, our findings are 
reassuring in relation to the safety profile of immunotherapy 
in clinical practice.

Could these data oppose that RWE might not be valuable 
in indications where a treatment strategy offers substan-
tial benefit according to randomized evidence? We argue 
that RWE studies still offer valuable information in several 
aspects of immunotherapy in clinical practice. In fact, the 
use of immunotherapy in patients with pre-existing rheu-
matic disease [20, 21], the possibility of immunotherapy 
rechallenge after discontinuation due to high-grade toxicity 
[22, 23], and the risk for rare immune-related toxicities such 
as myocarditis [24] are some of the aspects where the current 
evidence relies only on RWE.

Our study has several limitations that should be dis-
cussed and considered when interpreting the results. First, 

we restricted the immunotherapy indications to those with 
EMA approval at the time of the last search. Considering 
the expanding range of cancer types and settings where 
immunotherapy gains an important role as a treatment 
strategy, several new indications have not been captured 
in the present meta-analysis. Furthermore, few RWE stud-
ies were found in some indications, thus limiting the pos-
sibility of comparing the evidence from RCTs and RWE 
studies in all EMA-approved indications. As a result, our 
findings are restricted only to patients with melanoma and 
NSCLC, namely indications where immunotherapy has 
shown a substantial benefit. Another limitation of the pre-
sent study is that we restricted our analyses to indications 
where immunotherapy is given as monotherapy or as com-
bination immunotherapy (although we did not find enough 
data to perform pooled analyses) and excluded indications 
where immunotherapy is combined with chemotherapy 
or targeted therapies. Finally, the clinical heterogeneity 
of eligible studies in terms of patient-related and tumor 
characteristics could negatively influence the reliability 
of pooled analyses.

5  Conclusion

In summary, our comparison of randomized and real-world 
evidence in terms of efficacy-effectiveness and toxicity 
of immunotherapy in melanoma and NSCLC revealed no 
clinically significant difference between the two sources of 
evidence. The results are reassuring that the clinical value 
of immunotherapy, according to randomized evidence, in 
patients with melanoma or NSCLC is evident in real-world 
setting as well. Our results give insights on the expected 
results from RWE in treatment strategies where a substantial 
benefit has been shown on randomized evidence. A com-
parison between RCTs and RWE might be of importance 
in situations where the clinical benefit of a treatment strat-
egy is modest and future studies should be focused on such 
indications. In any case, RWE is crucial for specific clinical 
scenarios when a new treatment strategy is implemented to 
clinical practice.
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